In 563 surviving very preterm (<32 weeks gestational age) and/or very low birthweight (<1500 g) infants the relationship between neonatal thyroxine concentration and psychomotor development at 2 years of age (corrected for preterm birth) was studied. A significant association was found between low neonatal thyroxine concentration and a negative score on the three milestones of development. These findings do not support the view that transient hypothyroxinaemia in preterm infants is hannless.
The Netherlands. Accepted 28 February 1992 Low thyroxine concentrations are very common in the first weeks of life in preterm and low birthweight infants. The thyroxine values are inversely related to gestational age and birth weight,'-3 and severity of respiratory and other neonatal disease.' ' 5 Such transient hypothyroxinaemia is viewed by many as an adaptive process. 2 4 5 However, its significance for later development has not been established for lack of large prospective studies, and the need for thyroid hormone replacement is controversial. 6 We used the opportunity presented by a nationwide collaborative survey on very preterm and very low birthweight infants in The Netherlands to study the relationship between thyroxine values, as measured routinely in the national screening programme for congenital hypothyroidism, and later psychomotor development of the study infants as assessed in the follow up programme.
Patients and methods
The Project on Preterm and Small for Gestational Age Infants in The Netherlands is a collaborative survey collecting data on 1338 infants, liveborn in 1983 with a gestational age of less than 32 weeks and/or a birth weight of less than 1500 g. 7 8 The surviving infants all entered a standardised follow up programme up to 2 years of age, corrected for preterm birth. Examinations were performed by the local paediatricians, and the results were recorded on precoded forms designed to minimise the risk of interobserver variability.9 'O Psychomotor development was assessed at the corrected age of 2 years, using the Gesell test adapted for Dutch children (revised Van Wiechen test) after oral and written instruction following the standardised guidelines for this test."1 2 For the present study, the items obtained by history were omitted because of possible bias in reporting from the mother. The three developmental milestones chosen for analysis were obtained by direct observation of the child: 'builds tower of three blocks' (fine motor behaviour and coordination), 'walks without support' (gross motor function), and 'puts ball in box upon request' (passive language). Each of these milestones is reached at the age of 24 months by 90% of a group of normal children. " These items were chosen as indicators of the effect of transient hypothyroxinaemia on development on theoretical grounds: the effect of a noxious influence on the developing nervous system depends on the postconceptional period in which the nervous system is exposed. ' (45) hours, expiratory grunting, tachypnoea, sternal 202 (44) and intercostal retractions and nasal flaring, 486 5-and/or typical radiograph), 26 Psychomotor development, as assessed by the ned blood three items described, was normal in 473 (84%) in 115 low of the children, scoring all items positively. No lay of life, relation was found between thyroxine and any of the three items separately. However, there ne concenwas a significant association between thyroxine vas studied concentration and the number of children scoriultivariate ing negatively on at least one of the three items. Iysis with Crude risks, odds ratios, as well as adjusted estimation odds ratios, showed a linear increase of risk is System. (table 2) . reed before Assuming a linear relation, the overall crude ience and odds ratio (not adjusted for potential confoundtional age, ing) for 1 SD decrease in thyroxine was 1-4 ige (<1Oth (p<O0O1), implying a 40% increase in the odds s (<7), age that developmental delay will occur. After nd highest adjusting for the potential confounders, as menconcentrationed in the patients and methods section, the o neonatal odds ratio did not change appreciably, neither ge (clinical after adjusting for each covariable separately Preterm birth and severity of neonatal disease are known to be associated with both lower thyroxine values and poor developmental outcome.2 9 Therefore a major concern in this study was to preclude the possibility that the observed association between lower thyroxine and development delay was an artefact, with a common cause (preterm birth, neonatal disease). In our data, the overall odds ratio remained entirely unaffected after adjusting simultaneously for the carefully selected potential confounders, which virtually precludes the possibility of substantial residual confounding of this overall association. The 13 potential confounders which were included represent immaturity and neonatal disease. It is hardly imaginable that some fourteenth confounder would be able to cause any appreciable shift in the thyroxine developmental odds ratio after adjustment for 13 other confounders.
The systematic increase in the risk of developmental delay with decreasing thyroxine concentrations suggests the possibility of a causal relationship. The available literature on the essential function of thyroid hormones in growth and developmental of the nervous system3036 supports such a hypothesis.
Thyroxine and triiodothyronine act on brain development and maturation by binding to triiodothyronine nuclear receptors. Serum thyroxine is the major source of brain triiodothyronine: approximately 70-80% of the triiodothyronine used by the cerebral cortex is produced in situ from thyroxine by a local 5'-deiodinase.37-4'0 Thus, low serum thyroxine rather than low serum triiodothyronine indicates poor availability of thyroid hormones for the nervous system. In the animal model a deficiency of thyroid hormones leads to inhibition of cell differentiation and impaired myelination in a short critical age period." 33 In 33 very preterm (-31 weeks) and very low birthweight (-1500 g) infants, prolonged hypothyroxinaemia was associated with a delay in progression in nerve conduction velocity, especially in those infants who also required ventilation.4' These results suggest that transient hypothyroxinaemia may interfere with neurological maturation. Furthermore, in our study group low thyroxine values were associated with a delay in psychomotor development not confined to one area of development; a similar type of delay was observed in early treated patients with congenital hypothyroidism."4-'6 18 As the duration of relevant hypothyroxinaemia may be important, the second measurement of thyroxine .
